Introduction: Emphasis on patient safety has created the need for quality assessment of fundamental surgical skills. Existing temporal bone rating scales are laborious, subject to evaluator fatigue, and contain inconsistencies when conferring points. To address these deficiencies, a novel binary assessment tool was designed and validated against a well-established rating scale. Methods: Residents completed a mastoidectomy with posterior tympanotomy on identical 3D-printed temporal bone models. Four neurotologists evaluated each specimen using a validated scale (Welling) and a newly developed "CanadaWest" scale, with scoring repeated after a 4-week interval. Results: Nineteen participants were clustered into junior, intermediate, and senior cohorts. An ANOVA found significant differences between performance of the junior-intermediate and junior-senior cohorts for both Welling and CanadaWest scales (P < .05). Neither scale found a significant difference between intermediate-senior resident performance (P > .05). Cohen's kappa found strong intrarater reliability (0.711) with a high degree of interrater reliability of (0.858) for the CanadaWest scale, similar to scores on the Welling scale of (0.713) and (0.917), respectively. Conclusion: The CanadaWest scale was facile and delineated performance by experience level with strong intrarater reliability. Comparable to the validated Welling Scale, it distinguished junior from senior trainees but was challenged in differentiating intermediate and senior trainee performance.
Introduction
Temporal bone dissection is a fundamental clinical skill in otolaryngology resident training. As in all surgery, trainees must understand the relative anatomic relationships between structures of interest to be proficient in dissection. A host of educational media has traditionally been employed to address this skill, including texts, StereoScopic 3D projection, virtual dissection tools, printed models, as well as the gold standard of cadaveric dissection. Trainees are afforded the opportunity to practice in the clinical setting under the classic medical apprenticeship model. However, trainees and patients are better served by preparatory training prior to clinical practice.
Accurate and easy evaluation of trainee aptitude is problematic. Traditionally, trainees have maintained surgical case logs, received narrative evaluations by staff, and completed oral and written examinations. Objective Structured Assessments of Technical Skill (OSATS) are increasingly integrated into practice but are often neither validated nor practical in application. [1] [2] [3] With the advent of competency-based medical education, accurate assessment of technical competence assumes greater importance.
An effective summative tool needs to be easy in application, accentuate success, and adequately differentiate between safe, possibly injurious, and deleterious activities. Hence, the genesis of any assessment tool/scale should consider (1) ease of implementation, (2) duration of assessment activity, (3) reproducible subject performance, (4) intraand interrater reliability, (5) opportunity for feedback, and (6) the validity of the scale, with clear definition of the parameters to be measured. 4 Benchmarking these parameters was undertaken through survey of the membership of the American Otologic Society (AOS) and American Neurotologic Society (ANS). 5 There are several recognized temporal bone grading tools. One tool with considerable clinical usage is the Welling Scale from Ohio State University (WS-1). [6] [7] [8] [9] The Welling Scale, a summative assessment of a final dissection product, succeeds in many domains. It permits evaluation across a host of requisite clinical skills, parsing skills of interest into segments. Further, it is a binary checklist, eliminating possible subjective Likert evaluation in an attempt to minimize interrater discrepancy. However, inherent to the comprehensiveness of the tool, it hazards evaluator fatigue with 35 items. Finally, it is also concerning that some factors in the Welling Scale appear unintentionally coupled. For example, a student may receive a point for not damaging a structure that has not been delineated.
With these factors in mind, we generated a scale that borrowed heavily from the WS-1, including its binary character, to assess technical skill in canal wall-up mastoidectomy with posterior tympanotomy, a skill recognized as a requisite ability to have attained by the end of residency training. The CanadaWest (CW) scale is scored on a total of 12 equally weighted items and only awards points when justified by completion of the desired task. Further, the CW scale contains definitions adjacent to each feature being assessed in an attempt to homogenize interpretation (Appendix).
The objective of this study was to compare the new CanadaWest scale to the WS-1 by measuring trainee performance of a canal wall-up mastoidectomy with posterior tympanotomy dissection of a standardized 3D-printed temporal bone model with a focus on the ability to differentiate trainee skill as well as measures of intra-and interrater reliability.
Materials and Methods
Institutional Research Ethics Board approval was obtained prior to initiation of the study (REB: H2015:164 [HS18582]). Each participant was provided a unique identifier, and all data were analyzed in a blinded fashion.
Participants and Data Collection
Residents attending the annual Canadian Society of Otolaryngology-Head and Neck Surgery (CSOHNS) meeting in Winnipeg, Canada (June 5-9, 2015) were invited to participate. Prior to the meeting, Canadian university program directors were asked to make residents aware of the pending study. Accrual was a sample of convenience. Participation was voluntary, and resident surgeons registered preceding the conference with Doodle scheduling (http://doodle.com/).
Each participant was provided an identical 3D-printed temporal bone, a mastoid drill (Stryker, Kalamazoo, Michigan, USA) and operating microscope (Zeiss, Jena, Germany). They were instructed to complete a canal wallup mastoidectomy with posterior tympanotomy. Dissection of the model took place at the convention. Demographic data were obtained.
Preparation of Printed Bone Model
Previous attempts at validation suffer from variability in the cadaveric models used for dissection. To provide a consistent testing paradigm, we elected to use identical 3D-printed models.
The process for generating the model has been previously published. [10] [11] [12] [13] [14] The prototype has internal fidelity with production requiring several steps. Volumetric computed tomography (CT) images are segmented into anatomical regions of interest, each defined as distinct polygon meshes. These meshes are combined, voxelated, and sliced into sections for printing, after which alignment fiducials are added. Individual slices are then combined to produce a final physical model ( Figure 1 ).
Evaluation of Dissected 3D-Printed Temporal Bone Model
The completed specimens were graded off site by 4 independent blinded neurotologists from 2 university institutions using both the WS-1 and the CW tools. The authors graded the specimens a second time, 4 weeks removed from the initial scoring. Assessment duration was determined for both scales.
The Welling Scale was modified to focus on canal wallup mastoidectomy with posterior tympanotomy, with the scale reduced from 35 to 21 measures.
Statistical Analysis
A total of 19 participants were grouped by experience level, where PGY1-2 residents (n = 4) were included in the "junior" group, PGY3 residents (n = 9) were deemed to have an "intermediate" experience level, and PGY4-5 residents (n = 6) were combined into a "senior" group.
In a separate analysis, participants were also grouped by perceived experience with a canal wall-up mastoidectomy with posterior tympanotomy. Those who believed they had "little" experience were grouped separately (n = 7) from those who felt they had "some" experience with the procedure (n = 9) to those who felt they had "substantial" experience (n = 3).
To compare the average ratings between scales, an analysis was performed using an ANOVA. Composite results were normalized and contrasted between scales. There was a secondary focus on a subset of dissection tasks colloquially referred to as "thinning tasks" (posterior canal wall, dural plates, horizontal semicircular canal, and vertical segment of the fallopian canal). These encompass a group of similar skills where a structure is to be delineated but not injured. An analogous analysis was undertaken.
Further, a Cohen's kappa and intraclass correlation coefficient were conducted to assess for intra-and interrater reliability, respectively, using the R statistical irr package.
Results
Nineteen residents participated in the study. Demographics and familiarity with mastoid surgery are described in Table 1 .
The average modified WS-1 and CW ratings (+1 SD) from 4 expert assessors are displayed in Figure 2 . The modified WS-1 illustrated a statistically significant difference in ratings between the junior and intermediate groups (P = .006) and the junior and senior groups (P = .005). However, no significant difference was observed between the intermediate and senior groups (P = .719). The CW scale showed similar results with a statistically significant difference found between the junior and intermediate groups (P = .009) and the junior and senior groups (P = .003), but with no significant difference found between the intermediate and senior groups (P = .319).
The average modified WS-1 and CW ratings (+1 SD), grouped by subjective experience with the procedure, are displayed in Figure 3 and generated similar results to the ratings based on postgraduate cohort. The modified WS-1 demonstrated a statistically significant difference in ratings between participants with little experience to those with some experience (P = .006) and those with little experience compared to those with substantial experience with the procedure (P = .001). There was no significant difference seen between those who reported some versus those who reported substantial experience with the procedure (P = .134). The CW scale garnered similar results with a statistically significant difference found between the little and some experience levels (P = .007) and the little and substantial experience levels (P = .001) but with no significant difference found between the some and substantial groups (P = .078).
An attempt to cluster aspects of the scales with specific focus on thinning tasks found a simillar outcome to the composite scale scores (Figure 4) . The modified WS-1 found stastifically significant differences between between the junior and intermediate groups (P = .009) and the junior and senior groups (P = .005). However, no significant difference was observed between the intermediate and senior groups (P = .292). The CW scale exhibited a statistically significant difference, found between the junior and intermediate groups (P = .018) and the junior and senior groups (P = .003) but with no significant difference found between the intermediate and senior groups (P = .300).
To measure equivalency between both scales, individual results were converted to percentages for comparison. These normalized results indicated an average increase of 17.7% in scoring on the modified WS-1 scale compared to the CW scale ( Figure 5) .
A high degree of reliability was found between the 4 raters' total scores using a 2-way random effects intraclass correlation coefficient (ICC). The average measures ICC for the WS-1 was 0.917 (95% CI, 0.834-0.965) and 0.858 (95% CI, 0.715-0.939) for the CW ( Table 2 ). The mean Cohen's kappa for intrarater reliability found a modified WS-1 score of 0.713 (±0.199) contrasted by a CanadaWest score of 0.711 (±0.136) ( Table 2 ). Three of the expert graders were timed during the scoring procedure. The average time to complete each rating instrument was 76.6 (±14.5) seconds for the modified WS-1 tool and 42.7 (±16.8) seconds for the CW instrument (Table 3 ). This represents an average decrease of 56% in the time needed to grade participant performance using the CanadaWest scale.
Discussion
Temporal bone surgery is unique in the complex arrangement of structures of interest encased in bone and the use of dissection tools that are not used in other facets of the specialty. There is increasing scrutiny of surgeon training with a developing focus on competence. Regrettably, insufficient progress has been made in technical skill evaluation. Measures of trainee performance are limited, and unfortunately, existing instruments are problematic. Dominant concerns include being overly work intensive and the discrepancy of provision of points for activities not undertaken. 15 An effective summative tool needs to be easy in application, accentuate success, and differentiate safe from possibly injurious activities. To increase probability of employ, brevity should be a priority. Unfortunately, previously used instruments are awkward and time-consuming to use. The CanadaWest scale meets the performance of the established modified WS-1 while being faster in application and eliminating the provision of points for activities not undertaken. It is hoped therefore that it would be more widely accepted by practicing faculty in the assessment of technical competence of trainees.
The CanadaWest instrument and the WS-1 are both a final product analysis. Both scales can therefore be administered at a time removed from the actual dissection at the leisure of the expert. Tools developed at the University of Toronto and Johns Hopkins employ Likert evaluations and require direct observation of performance. 16, 17 These represent a more time-intensive process and are in contradiction of the need of surgeons to maximize all educational opportunities. The nature of these tools limits their utility.
Both the modified WS-1 and CW instruments illustrated strong intra-and interrater reliability. These interrater scores differ from the literature (kappa range, 0.49-0.64). 18 This may be a function of the number of reviewers in this study as contrasted by the literature, which often relies on only 2 expert assessors. This concern was found in both scales. The scales attempted to reduce bias with use of a binary scoring paradigm. Surprisingly, what is considered the absence of air cells or what constitutes a widely exposed facial recess appeared to differ between experts, even with the CanadaWest providing definitions directly on the face of the instrument. During the development of the CanadaWest tool, there was an attempt to remove subjective measures; however, we are left to conclude that the effort was unproductive. Perhaps this speaks to a need for increased rigor with use of objective assessments. This could possibly include 3D scanning of an end product of dissection contrasted to a set of standards or assessor training.
Both tools capture differences between junior and intermediate as well as senior trainees. There was no difference between intermediate and senior trainees based on either postgraduate group or subjective experience level. This may be a function of the tool's fidelity to discriminate performance or could also be the result of a strong intermediate cohort performance within a small sample size. Further, it is always more complicated to distinguish near expert performance due to a plateauing learning curve. 15 The overly small senior and experienced cohort size certainly confounds the ability to find statistically significant differences. Considering future study, a larger sample size would be useful in further delineating cohort performance. When assessing normalized data between scales, what is obvious is the better performance of nearly all participants on the modified WS-1. This may be a result of granting points when an activity is not addressed. An example would be receiving a point for not exposing the vertical segment of the fallopian canal nerve sheath when not having even approached the facial nerve. The modified WS-1 confers 3 points even if the drill never contacts the model. A significant strength of this study is the employ of a printed bone model. This eliminates confounding cadaveric variability across participants.
Conclusion
The CanadaWest Scale demonstrates similar performance to the modified WS-1. It provides comparable intra-and interrater reliability to the WS-1 yet is faster in application while accurately discriminating between resident training levels. 
